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Abstract
This research objective is to convert heat from the radiator fluid of a diesel engine to electrical energy by utilizing a
thermoelectric generator (TEG). The TEG consists of 20 semiconductors (TE modules) and is equipped with a heat
sink. The research shows that using the TEG, the heat of radiator fluid can be converted to electrical energy, although
the electricity generated is small. The maximum electrical voltage generated by the TEG when modules were connected
in series was 10 volts. When the TE modules were connected in parallel and series-parallel, the maximum voltages
generated were 2.11 and 2.53 volts, respectively. The maximum electric current generated by the TEG when the
modules were connected in series-parallel was 128 mA. When the modules were connected in series and parallel, the
maximum electrical currents generated were 108.3 and 69.7 mA, respectively. The series circuit is the best choice for
the TEG because it produced the highest electrical power. The TEG efficiency in this study was 5%–7.1%. The voltage
and electric current generated by the TEG will be higher if the temperature difference between the hot and cold sides of
the semiconductor is higher. The use of this TEG did not reduce the performance of the test engine cooling system or
radiator system.

Abstrak
Konversi Energi Panas dari Air Pendingin Mesin Diesel Menjadi Energi Listrik Menggunakan Thermoelectric
Generator. Penelitian ini bertujuan untuk memanfaatkan panas pada air radiator mesin diesel dan mengubahnya
menjadi energi listrik dengan menggunakan thermoelectric generator (TEG). TEG terdiri dari 20 semikonduktor dan
dilengkapi dengan sirip pendingin. Hasil penelitian memperlihatkan bahwa panas air radiator bisa dimanfaatkan untuk
menghasilkan energi listrik walaupun listrik yang dihasilkan masih sangat kecil. Tegangan listrik maksimal yang
dihasilkan dari penggunaan TEG adalah 10 volt jika dihubungkan secara seri. Ketika dihubungkan secara paralel dan
seri-paralel, tegangan listrik maksimum yang dihasilkan oleh TEG hanya 2,11 volt dan 2,53 volt. Arus listrik maksimal
yang dihasilkan oleh TEG ketika dihubungkan secara seri-paralel adalah 128 mA. Ketika dihubungkan secara seri dan
paralel, arus listrik maksimal yang dihasilkan oleh TEG adalah 108 mA dan 69,7 mA. Rangkaian seri adalah pilihan
terbaik untuk TEG karena menghasilkan daya listrik yang paling tinggi. Efisiensi TEG pada penelitian ini adalah 5%
hingga 7,1%. Tegangan dan arus listrik yang dihasilkan oleh TEG akan semakin tinggi jika perbedaan temperatur antara
sisi panas dan sisi dingin peltier semakin tinggi. Penggunaan TEG ini tidak mengurangi kinerja dari sistem pendingin
atau sistem radiator mesin.
Keywords: diesel engine, radiator fluid, thermoelectric generator

1. Introduction

reserve was only 7.37 billion barrels in 2014 [2]. If new
oil reserves are not found, oil reserves in Indonesia will
be out in 23 years.

Vehicle production in Indonesia increases every year. In
2010, motorcycle production in Indonesia was 7,395,390;
this increased to 7,926,104 in 2014 [1]. This high
production correlates with the high utilization of motor
vehicles in the Indonesian society, which automatically
increases the energy need. In 2014, Indonesia energy
consumption in the transportation sector was 334.20
million barrel of oil equivalent [2], while Indonesia oil

Motor vehicles such as cars, motorcycles, and ships
usually use an internal combustion engine as a power
source. There are two categories of internal combustion
engines: spark ignition engine (SIE) and compression
ignition engine (CIE). SIE uses gasoline as fuel and CIE
uses diesel oil as fuel. Only a fraction of the energy
142
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from the fuels used by these machines (SIE and CIE) is
converted into power to drive the vehicles; most of the
fuel energy is wasted. Conklin and Szybist found that
only 10.4% energy from fuel is converted to power,
while 27.7% is wasted to exhaust manifold, and 61.9%
is wasted because of other factors such as friction and
cooling water [3]. He et al. [4] found that only one third
of the chemical energy from fuel is converted to effective
power, while the remainder are discarded to exhaust
manifold or absorbed by cooling water. In gasoline
combustion engines, energy is utilized in the following
proportion: 25% for mobility, 30% in coolant, 5% in
other parasitic losses, and 40% in exhaust gas [5]. For
diesel light-duty trucks using 100 kW of fuel power, this
represents 30 kW of heat loss in exhaust gases [5].
The thermoelectric generator (TEG) presents a solution
to reduce the loss of fuel energy and increase engine
efficiency. A TEG is a technology that directly converts
heat to electrical energy and has some advantages such
as the absence of moving parts, which makes it easy to
maintain, compact, and environmentally friendly [6].
There are no moving parts or working fluids inside the
TEG; hence, maintenance and extra costs are minimal
[5]. Other advantages of TEG are a long lifespan,
especially when working with constant heat sources. A
TEG can be used for micro generation in very limited
spaces; moreover, it is characterized by noiseless
operation and can be used in any working position,
making TEG well suited for embedded systems [5].
TEG was found by Thomas Johann Seebeck in 1821
and the underlying phenomenon was named Seebeck
effect. A TEG converts thermal energy to electrical
energy because of the different temperatures (hot and
cold) of a semiconductor, as shown in Figure 1. Previous

research related to the use of TEGs in vehicles focuses
more on the exhaust gases. Liu [8] discovered that to
increase the electrical energy generated by a TEG, the
temperature on the hot side of the semiconductor should
be raised. Sun et al. [9] conducted a study comparing
the performance of single-stage and two-stage TEGs
used in internal combustion engines. They used bismuth
telluride (Bi2Te3) as the thermoelectric material. Bismuth
telluride, in the last decades, is the only module available
for industrial applications (with the exception of space)
at a reasonable price [5,10]. Sun et al.’s research shows
that the temperature of the heat source plays an important
role in the selection of TEG design when the heat
transfer coefficient is more than 400 W/m2K. A singlestage TEG performs better than a two-stage TEG if the
heat source temperature is less than 600 K. If the heat
source temperature is 800 K, the two-stage TEG usage
in series produces a greater maximum energy efficiency
than the single-stage TEG. The objective of this research
is to convert heat from the radiator fluid of a diesel engine
to electrical energy using a TEG.

2. Methods
This research was conducted experimentally by designing,
manufacturing, and assembling a TEG and then applying
it to a diesel motor (CIE). The specifications of the test
machine used in this study are shown in Table 1.
The TEG was placed in an upper tank radiator hose
where it received heat directly from the machine. The
upper tank radiator hose was cut and among these were
placed heat collectors of TEG. The TEG heat collector
had four sides, where five semiconductors (TE modules)
were on each side to convert heat into electrical energy.
The TEG consisted of 20 semiconductors. The
dimensions of the fabricated heat collector are shown in
Figure 1. The heat collector was made of aluminum
material, which had a high heat absorption ability.
The electrical voltage generated by the TEG was
measured using a digital multimeter, and the temperature
difference in TEG was measured using a thermocouple.
The experiment was performed with many configurations
of TEGs to produce the optimal electrical output. One of
the variations performed on the TEGs was the use of
different circuits. The circuits between semiconductors
Table 1. Specification of Test Machine

Figure 1. Schematic of a Typical Thermoelectric Device [7]
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Numbers of cylinders
Engine displacement

4
1372 cc

Bore

75 mm

Stroke

77.6 mm

Compression ratio

22.8:1

Maximum torque

84 Nm @ 2000 rpm

Minimum idling speed

900 rpm
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were connected in series, parallel, and series-parallel.
The parallel and series-parallel configurations are
shown in Figure 2 and Figure 3, respectively. The TEG
construction with 20 semiconductors is shown in Figure
4. The TEG constructed in this study are still prototypes.
Preliminary data on the amount of heat transferred to
the TEG are shown in Figure 5. As shown in Figure 5,
the engine temperature increased with increasing time of

operation. The heat received by the TEG also increased
with the engine operating time. The maximum
temperature received by the TEG was 68.3° Celsius.
After reaching the maximum temperature, the heat
received by the TEG was slightly reduced. This is
probably because the wind flow from the radiator fan
had started lowering the TEG temperature. Based on
this data, it will be unfortunate if the heat is not
converted into another useful energy.

Figure 1. Heat Collector Dimension

Figure 2. Parallel Configuration of TEG

Figure 3. Series-Parallel Configuration of TEG
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to be very significant in terms of increasing the voltage
generated by the TEG. The TEG constructions with and
without a heat sink are shown in Figure 6. A
comparison of the voltage generated by the TEGs with
and without a heat sink is shown in Figure 7.
Figure 7 shows the voltage generated by the TEG in
units of time. The maximum power voltage generated
by the TEG without heat sink was 1.513 volt. For the
TEG with heat sink, the maximum voltage generated
was 3.5 Volt. According to these data, the use of heat
sinks on the TEG increased the resulting electricity
voltage by 131%. Therefore, the TEG utilized in this
study to convert radiator heat to electrical energy should
be coupled with heat sinks.

Figure 4. TEG Construction with 20 Semiconductors

The electric voltage generated by the TEG with 20
semiconductors is shown in Figure 8. The voltage
generated by the TEG tended to increase with time. At
some point, the voltage generated was maximum and
then started decreasing. After that, the generated voltage
tended to be stable or reach the average value. Moreover,
as shown in the figure, the electric voltage generated by
the TEG with series configuration was much higher than
that with parallel or series-parallel configuration. The
maximum and average voltages generated by the TEG
when modules were connected in series were 10 and 8.7
volts, respectively. When the modules were connected

Figure 5. Heat Transfer to TEG

TEG efficiency can be defined as the ratio of the electrical
energy produced to the thermal energy entering the hot
surface [5]. The efficiency can be approximated using the
following relationship:
𝜂 𝑇𝐸𝑚𝑎𝑥 =

𝑊𝑒𝑙𝑒𝑐 ∆𝑇 √1 + 𝑍𝑇 − 1
=
.
𝑇
𝑄𝐻
𝑇𝐻
√1 + 𝑍𝑇 + 𝑇𝑐

Figure 6. TEG Construction with Four Semiconductors:
(a) Without Heat Sink (b) with Heat Sink

𝐻

𝑇𝐻 is the temperature of the hot side of the TE modules,
𝑇𝑐 is the temperature of the cold side of the modules,
and ∆𝑇 is the temperature difference between 𝑇𝐻 and 𝑇𝑐 .
ZT is the factor of the merit of the materials. The TEG
efficiency is dependent on the temperature difference
and figure of merit [11]. For bismuth telluride (which
has been the only material used for industrial TE
modules in the last decades), the average value of ZT is
between 0.5 and 0.8 [5].

3. Results and Discussion
To obtain the optimal electrical output, we made a
variety of modifications to the TEG. From the tests
conducted, the role of cooling fins (heat sink) was found

Figure 7. The Electrical Voltage Generated on TEG with
Heat Sink and Without a Heat Sink

1
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in series-parallel, the maximum and average power
voltages generated were 2.53 and 2.1 volts, respectively.
When the modules were connected in parallel, the
maximum and average voltages generated were 2.11 and
1.8 volts, respectively.
Figure 9 shows a plot of the voltage generated by the
TEG versus the temperature difference between the hot
and cold sides of the semiconductors. The electric
voltage generated by the TEG increased with the
temperature difference. For the TEG with modules
connected in series, the highest temperature difference
(delta T) was at 25 °C. When the temperature difference
was small, the electric voltage generated was also small,
and vice versa. Based on the data, it can be concluded
that the voltage generated by the TEG can be increased
by increasing the temperature difference (delta T)
between the hot and cold sides of the semiconductor.
Figure 10 shows the electric current produced by the
TEG in units of time. The electric current generated by
the TEG tended to increase with time. At some point,
the electric current generated was maximum and then
began decreasing. After that, the generated current
tended to be stable or reach the average value. The
maximum electric current generated by the TEG when
modules were connected in series-parallel was higher

than that generated by the TEG when modules were
connected in series or parallel. This result differs from
the voltage generated by the TEG, in which series
configuration produced higher voltages than parallel or
series-parallel configuration. The maximum and average
electric current generated by the TEG when modules
were connected in series-parallel was 128.4 and 115
mA, respectively. When the modules were connected in
series, the maximum and average electric currents
generated were 108.3 and 93 mA, respectively. When
the modules were connected in parallel, the maximum
and average electric current generated was 69.7 mA and
64 mA, respectively.
A plot of the electric current generated by the TEG
versus the temperature difference between the hot and
cold sides of semiconductors is shown in Figure 11. The
electric current generated by the TEG increased with the
temperature difference. When the temperature difference
was small, the electric current generated was also small,
and vice versa.
According to Figure 8 and Figure 9, the maximum
voltage generated by the TEG was obtained when the
TE modules were arranged in series. However, according

Figure 10. Electric Current Produced by TEG
Figure 8. Electrical Voltage Produced by TEG

Figure 9. Electrical Voltage Generated by TEG Versus
Temperature Difference on Semiconductor
Surface
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Figure 11. Electric Current Generated by TEG Versus
Temperature Difference on Semiconductor
Surface
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to Figure 10 and Figure 11, the maximum electric
current generated by the TEG was obtained when the
TEG was arranged in series-parallel. To determine the
best type of circuit configuration to be used for TEG
(series, parallel, or series-parallel), electrical power was
used as a metric. Figure 12 shows the electrical power
produced by the TEG. According to the figure, the
maximum power was obtained when the semiconductors
in the TEG were connected in series. The maximum
electrical power generated by the TEG when modules
were connected in series was 1034 mW. When the
modules were connected in parallel and series-parallel,
the maximum electrical power generated were 139 and
285 mW, respectively.
Figure 13 shows typical values of TEG efficiency for
different values of ZT under series configuration. As
earlier described, bismuth telluride materials have a ZT
value of 0.5–0.8. The TEG efficiency will increase if the
value of ZT is higher. Moreover, the TEG efficiency
will increase if the temperature difference between the
hot and cold sides of the TE module is higher. As shown
in Figure 13, the highest TEG efficiency was obtained at
a temperature difference of 25 °C. When the temperature
difference between the hot and cold sides of
semiconductors reduces, the TEG efficiency will
decrease. The maximum TEG efficiency in this study
was 7.1%, assuming the ZT value of the material was
0.8. Assuming a ZT value of 0.5, a maximum efficiency
value of 5% can be obtained. The efficiency values of
5% to 7.1% can be said to be low; therefore, our next
research needs to be aimed at increasing the efficiency
of this TEG.

Figure 12. Electrical Power Produced by TEG

Figure 13. Typical TEG Efficiency Values for Different ZT
Values Under Series Configuration

The TEG performance in generating electrical energy
can be further improved by improving the TEG
construction and using semiconductors (TE module)
with higher ZT values. For TEG construction, the cooling
system needs to be redesigned to limit the rise in
temperature of the cold side of the TE module. In this
study, the only reliable component to cool the cold side
of the TE module is the heat sink. In the past few months,
new modules with higher ZT values, such as half heusler,
skutterudites, oxides, magnesium silicides, and tetrahedrites
[5], have become commercially available or are close to
commercialization.
Figure 14 shows the machine temperature versus the
machine operating time when the TEG was installed.
The engine temperature increased with the engine
operating time. The engine temperature reached 90 °C
after the engine was operated for 12 minutes, and at this
time, the engine is still thought to be operating normally.

Figure 14. Engine Temperature Versus Engine Operating
Time when TEG is Installed

4. Conclusion

It can be concluded that using the TEG on the test
engine cooling system did not have much effect on the
performance of the system, or in other words, the use of
the TEG did not cause the engine to overheat.

This research shows that radiator heat can be used to
generate electrical energy by utilizing TEG, although
the electricity produced is small. The maximum
electrical voltage generated from by the TEG when
modules were connected in series was 10 volts. When

1
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the modules were connected in parallel and seriesparallel, the maximum voltages generated were only
2.11 and 2.53 volts, respectively. The maximum electric
current generated by the TEG when modules were
connected in series-parallel was 128 mA. When the
modules were connected in series and parallel, the
maximum electrical currents generated were 108.3 mA
and 69.7 mA, respectively. The series circuit is the best
choice for the TEG because it produced the highest
electrical power. The maximum electrical power
generated by the TEG when modules were connected in
series was 1034 mW. When the modules were
connected in parallel and series-parallel, the maximum
electrical powers generated were only 139 mW and 285
mW, respectively. In this study, the TEG efficiency was
5%–7.1%. The voltage and electric current generated by
the TEG will be higher if the temperature difference
between the hot and cold sides of the semiconductor is
higher. The use of this TEG did not reduce the
performance of the test engine cooling system or
radiator system.
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